The persistence of wildlife in fragmented landscapes is predicted to rely on the presence of critical habitat elements. In urban landscapes, the persistence of hollow-dependent bats arguably depends upon the protection of roosting habitat, yet knowledge of bat roosting requirements within these landscapes is limited. We used radiotelemetry to locate day roosts of a species considered sensitive to urbanization, Gould's long-eared bat (Nyctophilus gouldi), in suburban bushland in Sydney, New South Wales, Australia. We compared roost selection data collected for 9 individuals during the mating season (March-April 2009) and 10 individuals during the maternity season (November-December 2009). We found 41 roosts of N. gouldi under decorticating bark and in tree hollows, which were all located in 1 suburban bushland reserve (~40 ha), with roosts rarely located elsewhere, despite the abundance of available trees in smaller patches outside of the reserve. N. gouldi displayed a clear preference for trees with a greater amount of understory and canopy cover, and only roosted where the extent of forest cover in the local landscape was greatest. Maternity roosts also were predominately located in gullies, and closer to creek lines than expected. Roost switching differed significantly between seasons, with lactating females switching roosts significantly more often than nonlactating females, where roost switching occurred after 1 day on 71% of occasions. Because competition with other fauna for hollows has been suggested as a potential threat, systematic observations of hollow-using bird species, including rainbow lorikeets (Trichoglossus haematodus), were conducted. We observed birds occupying bat roosts on days following bat occupancy, and bats roosted in trees where there were fewer hollow-using birds than randomly available trees. We recommend that further examination of hollow competition be undertaken because abundant, urban-adapted, hollow-nesting birds may render hollows a limiting resource to hollow-users such as bats in urban landscapes. Protection of a network of potential roost trees in suburban bushland remnants, particularly along creek lines, will assist in maintaining this critical resource for bats.
and under bark, where selected trees are typically in mature sections of forest, in large trees over 80 cm wide that are in a moderate to advanced state of decay (Lunney et al. 1988; Turbill 2006; Webala et al. 2010) . However, little is known about how this species selects roosts in disturbed urban landscapes. N. gouldi is considered a gleaning species with wing design and echolocation call characteristics that make it suited to flight within the understory and areas of vegetation ''clutter'' (Churchill 2008) . As part of a group of bats with specialized morphological traits, it is considered at greater risk of extinction (Jones et al. 2003; Safi and Kerth 2004) . Previous studies demonstrated that N. gouldi is sensitive to habitat fragmentation (Law et al. 1999) , and more recent studies show it is also considered urban sensitive (Threlfall et al. 2012b ). These assessments have largely focused on bat community structure, and our understanding of impacts to bat populations is currently limited.
Information on roost site selection, particularly by reproductive females, is urgently required (Fenton 1997) to guide land-use planning and suburban expansion in urban areas. In this study, we hypothesized that roost site selection by lactating females differs from that of males and nonlactating females. We also hypothesized that there is potential for hollow competition between bats and other species, such as birds. To examine these hypotheses, we assessed intraspecific differences in roost site selection, specifically assessing tree selection and roost-switching behavior between male, female, and lactating female N. gouldi. We predicted that roost tree selection by this species renders it sensitive to urban impacts. Systematic observations of birds at active roosts and other available hollows were conducted to assess the potential for hollow competition, where we predicted that bats alter their roosting switching behavior to minimize negative interactions occurring within tree hollows.
MATERIALS AND METHODS
Study area.-The study area was located in the suburban area of West Pennant Hills, northwestern Sydney, New South Wales, Australia, centered around a~40-ha forest remnant, Cumberland State Forest (CSF: 33844 0 43 00 S, 151802 0 20 00 E). Sydney is Australia's largest city, with a population of 4 million people, which is predicted to increase by more than 25% in the next 20 years (New South Wales Department of Planning 2010). CSF is located in an area that has recently experienced rapid urban expansion, and residential housing, businesses, or roads now border all sides of the reserve. The adjacent urban area has low to moderate housing density (2-7 houses/ha), with several nearby council reserves (within 100 m) and national parks (within 2 km) containing native vegetation interspersed among residential and commercial land uses (Fig. 1) . Now managed primarily for public recreation, the majority of the bushland is within CSF, which was once privately owned and used for agriculture in the early 1900s. Since then most of the area has regenerated naturally, with a small section planted out as an arboretum. It currently contains sections of tall forest, with regenerating trees, where the dominant tree species includes Sydney blue gum (Eucalyptus saligna), blackbutt (E. pilularis), Sydney red gum (Angophora costata), and turpentine (Syncarpia glomulifera).
Radiotracking.-Bats were radiotracked over 2 tracking sessions in 2009. Roost selection was investigated during the mating season (March-April, session 1), just prior to austral winter, and during the maternity season in austral summer (November-December, session 2), when the females form colonies and nurse their young (Churchill 2008) . Lactating females were identified by the presence of bare patches around the nipples, and the expression of milk.
Bats were captured along flyways in and adjacent to CSF using harp traps (Austbat P/L, Victoria, Australia); additional trapping in surrounding small remnants (n ¼ 4 trap-nights) was unsuccessful (trap locations seen in Fig. 2 ). Captured bats were measured for forearm length, mass, sex, species, and reproductive condition. We did not band bats. Species other than N. gouldi were released at point of capture. Small numbers (n ¼ 7) of 2 other species, Chalinolobus gouldii and Scotorepens orion, also were radiotracked, but the results are not reported here. We tagged 19 adult N. gouldi (5 nonlactating females, 9 lactating females, and 5 males) over the 2 sessions. Transmitters had a battery life expectancy of 10-12 days. Transmitters were glued (Vetbond; 3M, North Ryde, New South Wales, Australia) middorsally to the skin of the bats, through parted fur. Transmitters weighed between 0.4 g (Titley Electronics, Ballina, New South Wales, Australia) and 0.35 g (Holohil, Carp, Ontario, Canada), which represented 5% of the body mass of individuals (8-13.5 g). Capture and handling methods were approved by the New South Wales Primary Industries Animal Ethics Committee (protocol 01/11) and followed guidelines for the care and use of animals approved by the American Society of Mammalogists (Sikes et al. 2011 ). Those individuals not involved in the radiotracking study were released at the trap site immediately after processing.
Bats were fitted with LT4 transmitters with 30-cm aerials during the mating season (Titley Electronics) and were changed to LB-2N models with aerials reduced to 14-cm during the maternity season (Holohil). Transmitters were changed to reduce aerial length and strand gauge, with single-stranded aerials used subsequently. We changed transmitters between the mating and maternity season because 3 individuals during the mating tracking period were found dead, 7 nights after their initial release. Autopsies revealed high endoparasite loads; however, actual cause of death is unknown. All radiotagged bats were tracked for up to 7 days and displayed apparently normal behavior of regular roost switching, and foraging behavior up until this point. However, multistrand aerials frayed and sometimes snared under bark during roost exits. Additionally, 1 of the dead bats was found in a large golden orb-weaver (Nephila spp.) spider's web, and likely died from exposure during the day. Bats of this foraging guild have been reported stuck in spider webs previously, because they glean insects near vegetation (Churchill 2008) . Individuals tagged in both seasons that were retrapped (visible patch of bare skin from where transmitter was attached) showed no signs of weight loss.
Roost sites were located by tracking tagged animals on foot using Australis 26k receivers and 3-element AY/C yagi antennas (Titley Electronics). Roost trees were located daily until the transmitter fell off the bat or failed. We recorded the following at each roost: type of roost (e.g., tree hollow, dead limb, under bark, etc.); tree species; tree height; diameter at breast height over bark (DBH); tree condition (dead or alive); senescence level (categories from 1 to 8, following Gibbons et al. [2000] ); an index of hollow abundance (0 ¼ none, 1 ¼ 1 or 2 hollows, 2 ¼ .2 hollows; where any visible hole was counted, i.e., .2 cm diameter, including holes that were possibly superficial); projective foliage cover of the understory and canopy layers, which was categorized as 1 (,10% cover), 2 (10-29%), 3 (30-49%), 4 (50-69%), and 5 (.70%; later combined to be a cover score); and the density of ''batavailable trees'' surrounding the roost site. Some variables could not be measured for roosts located within private property where access was denied. We used the minimum dimensions observed for DBH and tree height of roost trees as a guideline to determine the lower limit of trees available to bats. A bat-available tree was defined as one with DBH .10 cm and height .1.5 m with decorticating bark,or a hollow of any size able to house a bat, or both. Using the point-quarter method (Krebs 1989) , the distance to the nearest bat-available tree in each quadrant was measured and then summed to calculate bat-available tree density per hectare.
Located roost trees were observed at dusk to determine the entrance location of the roost cavity, the colony size (number of bats), and to confirm where the radiotagged individual exited. Every roost located was observed at least once, and was observed for 10 min past what was believed to be the last bat exit. For these roosts, the height of the roost was estimated visually, along with the external entrance dimensions.
To assess overall tree availability within the main roosting remnant, 50 random points were established throughout the bushland. These were established via the generation of random points using a random number generator. The coordinates of the points corresponded to a grid laid over an aerial image of the study area. Random plots were then established around every point. The closest focal tree (called ''random tree'' hereafter) that satisfied the criteria for being ''bat available'' was located, around which we identified the 4 nearest batavailable trees, 1 in each quadrant (plot size determined by distance to nearest available tree, hence, we used a plotless point-quarter method, as above). The same variables were measured for these randomly available trees as listed above. We observed that all maternity roosts were located in tree hollows, and as such we separated the random trees into those that could be used during the mating season (all trees), and those that could only be used in the maternity season (trees with any sized hollow), hereafter referred to as random maternity trees. Tree availability also was assessed outside of this focal remnant at nearby (within 2 km) small (,30 ha) and large (.40 ha) remnants using vegetation transects (nearby bushland can be seen in Figs. 1 and 2 ). Nineteen random points along transects were selected in the small remnants, and 24 points in the large remnants. At each of these random points, the distance to the 4 nearest bat-available trees was calculated and tree data recorded as above (n ¼ 156 trees measured).
Landscape variables were calculated in ArcMap (version 9.3; ESRI, Redlands, California) using geographic information system layers obtained from the New South Wales Office of Environment and Heritage and New South Wales Department of Primary Industries. These were the distance (km) to the nearest mapped watercourse using a 1:100,000-scale geographic information system mapping of drainage, and the amount of native bushland (ha) within 300 m of each roost. Movements between 100 and 300 m were typically recorded for individual N. gouldi (see ''Results'' below), hence this distance was selected.
The abundance of hollow-nesting birds (e.g., parrots and cockatoos) also was assessed within a 10-m radius of each bat roost and random tree within the main roosting remnant ( Fig. 2 ; observations at additional trees outside of this remnant could not be conducted due to logistical constraints) to examine if there was evidence for the negative association between bats and these birds in Sydney (Basham et al. 2011 ). Three separate 10-min observation periods were conducted for every roost tree located during the maternity season (November-December) with the number of individuals (seen or heard), behavior, and species recorded. Observer bias was limited by ensuring all surveys were conducted by the same 3 observers, and the trees observed were rotated daily so all observers surveyed all trees. Effort was made to avoid recounting individual birds. Surveys were restricted to periods between dawn and 1000 h, and just prior to dusk. Birds observed nesting in hollows in trees in the 10-m radius were recorded separately to those recorded perching, foraging, or flying over.
Statistical analysis.-Statistical comparisons between roosts of males and females, roosts if lactating and nonlactating females, and roost and random trees were conducted using Student's t-tests and a chi-square goodness-of-fit test. Data from the male N. gouldi tracked during the maternity season were omitted from statistical analyses due to small sample size (n ¼ 1). One-way analyses of variance (ANOVAs) were used to compare landscape characteristics across groups. When comparing tree characteristics, roost trees were considered as the replicates (rather than individual bats), because many individuals were observed flying out of the same roost, suggesting that roost selection by an individual is not an independent decision.
We conducted a principal component analysis, using PRIMER (version 6; PRIMER-E Ltd, Plymouth, United Kingdom) to compare roosts selected by N. gouldi compared to random trees using tree and landscape characteristics (Table  1) . We conducted a principal component analysis for roosts located during the mating season, and for roosts located during the maternity season. We included the number of hollow-using birds observed nesting in the focal tree (roost or random tree) for trees located in the maternity season. Only available trees with hollows were used in the analysis of the maternity season, because all female bats used hollows during this season. A Euclidean distance dissimilarity matrix was used on normalized data in the principal component analysis.
We then constructed logistic regression models to investigate which variables best predicted day-roost selection by N. gouldi, separating data from males, females in the mating season, and lactating females. Roost trees were compared to trees randomly available within the main roosting remnant. We then ran a model, combining roost information across these categories, and compared all roost trees to randomly available trees both within and outside of the main roosting remnant, including trees from remnants found within 2 km of CSF. This model was constructed to assess roost selection across the landscape. Given the small number of roosts found during the mating season, our candidate model set for males and females during the mating season only contained 1 variable per model. Because we found more roost trees during the maternity season, our model set for lactating females contained 1 or 2 variables per model. We also used 1 or 2 variables per model when combining roost trees across sexes. A correlation analysis using Pearson's r was used to remove highly correlated pairs of variables from the initial model set (i.e., r . 0.70 or r , À0.70). Our final model set contained all possible combinations of variables that described tree and landscape characteristics (Table 1) , excluding intercorrelated variables. All models within the 95% confidence set are presented, along with log likelihood (L), Akaike's information criterion value corrected for small sample size (AIC c ), model weight (w i ; which is interpreted as the likelihood that model is the best among the set of candidate models), and DAICc (Burnham and Anderson 2002) . We selected our final model based on the lowest AIC c and the highest model weight (w i -Burnham and Anderson 2002). We also calculated Nagelkerke's R 2 -value (Nagelkerke 1991) to assess variation explained by each model. To assess the predictive capacity of the models we calculated the area under the receiver operating characteristic (ROC) curves, as a test of model discrimination, or the ability of the model to correctly distinguish between roost and random trees (Fielding and Bell 1997; Pearce and Ferrier 2000) . A ROC value of 0.5 indicates discrimination ability no better than a random guess, and 1.0 indicates perfect discrimination. Following Psyllakis and Brigham (2006) , we classified the predictive accuracy of our models as poor if they had ROC values between 0.5 and 0.7, as good if between 0.7 and 0.9, and as excellent if .0.9. These analyses we conducted in R (R Development Core Team 2007), using the ''AICcmodavg'' (Mazerolle 2012) , ''car'' (Fox and Weisberg 2011) , ''fmsb'' (Nakazawa 2012), and ''verification'' (NCAR-Research Application Program 2010) packages.
To assess changes in bat roosting behavior between seasons, we calculated an index of roost reuse for each bat by dividing the number of days a roost was reused by the number of roosts used. Individual bats were used as the replicate when comparing roosting behaviors. This analysis was carried out using JMP (version 7.0; SAS Institute Inc., Cary, North Carolina). Unless indicated otherwise, all means are reported 6 1 SE. 
RESULTS
Six species were trapped in CSF including N. gouldi, Nyctophilus geoffroyi, C. gouldii, S. orion, Falsistrellus tasmaniensis and Vespadelus vulturnus. Nine individual N. gouldi (4 males and 5 females) were radiotracked to 19 different roost trees (9 exclusive male roosts and 10 exclusive female roosts) during the mating season (March-April), and 10 individuals were tracked to 22 roost trees (3 exclusive male roosts and 19 exclusive female roosts) during the maternity season (November-December). We tracked N. gouldi for 6.2 6 0.9 days (range 2-10 days; n ¼ 9) during the mating season, and 5.3 6 0.97 days (range 1-10 days; n ¼ 10) during the maternity season. Roosts were located every day for all individuals during the maternity season; however, on 3 days roosts could not be located in the mating season for every individual due to poor transmitter signals.
Roost cavities.-All observed roosts of N. gouldi were in trees. During the mating season all females roosted under decorticating bark (n ¼ 14 exits observed), whereas males were observed on 3 occasions to roost in a tree hollow. During the maternity season, all females roosted in hollows in tree trunks: no roosts were located in dead limbs. The only male tracked was observed to roost under bark during the maternity season. In both seasons, the bark used ranged in size from small sheets of 25 cm 2 , up to sheets 100 cm 2 in size, usually peeling from the tree trunk. Hollows used as maternity roosts included large cracks along tree trunks and spouts at the top of stags that had lost their crown. The hollows used were large with the minimum entrance dimension being 5 cm across and ranging up to 50 cm. The average roost exit height during the mating season was 10.8 6 0.97 m, and 9.3 6 1.5 m for female maternity roosts.
Roost trees.-The majority of the roost trees were in native species including Eucalyptus pilularis, E. saligna, and to a lesser extent Syncarpia glomulifera and Allocasuarina species. N. gouldi showed a clear preference for roosting in the main, large CSF bushland remnant during both seasons (Figs. 1 and  2 ). Of the 19 roosts located during the mating season, only 2 were located outside of this bushland patch, in trees in surrounding backyards. However, all roost trees located during the maternity season were in bushland within the main roosting remnant (Fig. 2) . Roosts were not found in any of the areas of CSF that had been recently burned (,2 years; Fig. 2 ). Areas recently burned were devoid of trees with bark, had reduced to no understory cover, and had few to no hollow-bearing trees (C. G. Threlfall, pers. obs.) .
The proximity of roosts to the nearest drainage line differed significantly between sexes (F 2,35 ¼ 5.19, P ¼ 0.01). Females in the maternity season roosted significantly closer to the nearest drainage line compared to males, but females in the mating season did not (Table 1) . During the mating season there was no significant difference between the density of bat-available trees per hectare of trees used by males or females (t 15 ¼À0.72, P ¼ 0.48). There also was no difference in the density used by females in the mating season versus density used in the maternity season (t 26 ¼ À1.28, P ¼ 0.21). Roost trees (pooled)
were not located in stands of greater roost tree density than that randomly available (t 84 ¼ 0.93, P ¼ 0.36). A 1-way ANOVA found that bat roost tree density (trees/ha) did not differ between all roosts of N. gouldi pooled (202.9 6 29.7) and randomly available trees both within (156.9 6 17.4) and outside (small remnant 187.3 6 31.1; large remnant 134.5 6 15.4) of CSF (F 3,124 ¼ 0.74, P ¼ 0.53). Twenty-five percent of the trees counted around maternity roosts and available trees had no hollows, and hence would have included trees unusable as roosts, indicating that we overestimated bat-available tree density for bats requiring hollows.
The principal component analysis on attributes of roosts selected during the mating season revealed extensive overlap compared to trees locally available (Fig. 3) . The first 2 axes accounted for 60% of the variation in the data. There was a tendency for mating roost trees to group higher on principal component analysis axis 2, which described trees that were farther away from drainage lines, had greater bushland within a 300 m radius, and had fewer hollows and greater understory and canopy cover. The principal component analysis on attributes of roosts selected during the maternity season also showed overlap compared to trees locally available (Fig. 4) . The first 3 axes accounted for 70% of the variation in the data; however, only axes 1 and 2 are displayed. Maternity roost trees tended to sit lower on principal component analysis axis 2, because they had greater understory and canopy cover and were positioned closer to drainage lines. Bird abundance was the sole variable contributing to principal component analysis axis 3 (graph not shown), which described 12% of the variation in the data and had a small contribution to separating roosts and locally available trees.
Several hollow-using bird species were observed in the roosting remnant, including rainbow lorikeets (Trichoglossus haematodus), musk lorikeets (Glossopsitta concinna), crimson rosellas (Platycercus elegans), sulphur-crested cockatoos (Cacatua galerita), and galahs (Eolophus roseicapilla). On 3 occasions we observed rainbow lorikeets inspecting and occupying the same tree hollows as used by bats, after the bats had switched roosts. There were 33 birds seen occupying hollows within the 10-m search radius around roost trees, which would equate to 66 individuals if all birds were in pairs. There were 274 rainbow lorikeets seen perching, foraging, or nesting within focal areas, averaged across the 3 surveys, and twice as many birds on average nesting in random trees compared to roost trees (v 2 ¼ 9.4, P ¼ 0.002; Table 1 ). Roost-selection models.-The variable describing the amount of canopy and understory foliage cover (''cover'' index), appeared in the ''best'' model or in the 95% confidence set of models, for every roosting group (males, females, lactating females, and all roosts combined; Table 2 ). Cover was the sole variable considered in the best model for males and female mating roost trees (Table 2) . Cover was included in all models in the 95% confidence set of female maternity roost models (Table 2 ), in conjunction with variables describing TABLE 2.-Outcomes of roost selection models of Nyctophilus gouldi for a) males, b) females, c) lactating females, and d) all roosts combined. Data presented include resulting 95% confidence model set, and the coefficient estimates for the final ''best'' model, Nagelkerke's R 2 , and area under the receiver operating characteristic (ROC) curve. Senes ¼ senescence; Veg ¼ amount of vegetation (ha) in a 300-m radius of the roost or random tree; DBH ¼ diameter at breast height over bark. specific tree attributes (senescence, hollows, height, DBH, and bird abundance; Table 2 ). The final lactating female roost tree model included cover and tree senescence (Table 2) , where the odds of being a maternity roost increased with increasing cover surrounding the tree, and for trees in a more senescent state. This model was twice as likely to be the best model than the next most highly ranked model, which included cover only ( Table 2 ). The final model for all roosts combined compared to randomly available roosts both within and outside of the main roosting remnant included cover and vegetation surrounding the tree within 300 m (Table 2 ). This was the most parsimonious model (Table 2 ). All roost trees combined had a greater cover score and were positioned in the landscape such that there was more vegetation surrounding them than random trees, indicating they were not in small remnants (Table 2 ). Only the model for males and for lactating females explained a large proportion of the variation in the data (as measured by Nagelkerke's R 2 ; see Table 2 ). All final models had good or excellent predictive accuracy (Table 2) .
Roosting behaviors.-During the mating season, we observed between 1 and 13 bats fly out of roosts occupied by tagged females, whereas males were always observed roosting alone (n ¼ 19 fly-outs observed). During the maternity season, we observed between 1 and 19 bats fly out of female maternity roosts, and the male roosted in groups of up to 3 individuals (n ¼ 28 fly-outs observed). In the maternity season all tagged females roosted together in the same maternity trees, despite being trapped from multiple places (see Fig. 2 ). We only observed this colony to break up into separate roost trees on 2 occasions during the maternity season. The maternity roost tree changed daily, and hollows were rarely reused. One roost tree from the March period was reused during the November period on 1 occasion when the colony was separated. In the maternity season, on 2 occasions we retrapped individuals that had been tracked in the mating season (obvious patch of hair regrowing).
There was no difference in the number of roost trees used between seasons (F 2,14 ¼ 1.49, P ¼ 0.26; Fig. 4) . During the mating season, roosts were used for varying lengths of time, where individuals were observed in the same roost for up to 3 consecutive days and were observed to reuse the same roost on nonconsecutive days. No roost trees were observed to be reused during the maternity season. During the mating season, 56% of roost switching occurred after the 1st night; however, during the maternity season 71% of roost switching occurred after the 1st night, where tagged individuals abandoned the roost as a group and all went to the same tree the following night (except on 1 occasion). The roost reuse index showed that females in the mating season stayed significantly longer in the roost trees than did males and lactating females (F 2,14 ¼ 11.21, P ¼ 0.001; Fig. 5 ; ANOVA using males and nonlactating and lactating females). When bats did switch roosts the interroost distance did not differ between seasons (Table 3 ). The distance between capture points and roost sites also was not significantly different between seasons (Table 3) .
DISCUSSION
Nyctophilus gouldi is a relatively common species in eastern Australia; however, it is part of a group of bats considered prone to extinction because of the possession of specialized traits (Jones et al. 2003; Safi and Kerth 2004 ). This species is considered a gleaning species, with slow, maneuverable flight adapted for flying within vegetation clutter (Churchill 2008) , making it sensitive to vegetation loss and increasing urbanization (Threlfall et al. 2012b) . However, N. gouldi is not yet considered threatened in Australia. Despite its wide distribution, importantly our study showed that in this suburban setting, N. gouldi almost exclusively roosted within a ''large'' (40 ha is considered ''large'' for urban landscapes) forest remnant. Our analysis showed that roost trees were more likely to occur where the extent of forest cover in the local landscape was greatest and were selected with greater amounts of overhead vegetation cover. The remnants surrounding the focal roosting area were generally more linear, and we suggest that the extent of the main roosting remnant may be a critical factor in why trees in this patch were selected by N.gouldi. Only on 2 occasions was an individual N. gouldi found roosting outside of this bushland patch, despite an abundance of ''available'' roosts in nearby surrounding remnants. This suggests that at this site the roost network of these individuals is largely limited to 1 discrete patch of forest, where individuals were not observed to move between habitat patches in the landscape. This is considered unusual when compared to recorded movements of this species in less disturbed forested areas, as discussed below (Lunney et al. 1988; Turbill 2006; Webala et al. 2010) . Further investigations of the urban sensitivity of this species are required, particularly to observe if similar roost selection and restricted movement occurs in other urban sites.
Roost preferences of N. gouldi.-Our analysis suggests that individual N. gouldi prefer to roost in trees with a greater amount of understory and canopy cover, and in trees in a more senescent state when lactating. Previous studies of Nyctophilus species suggest that lactating females, in particular, favor taller trees with a greater DBH than those in the surrounding landscape (Lumsden et al. 2002; Lunney et al. 1988; Taylor and Savva 1988; Webala et al. 2010) , and N. gouldi specifically often roosts in more mature trees in the landscape (Lunney et al. 1988; Webala et al. 2010 ). In our study, roost trees selected had similar height and DBH characteristics to trees available locally, and across the landscape. It appeared that this species was selecting trees in a landscape patch that contains more vegetation, suggesting that landscape attributes are more important than tree attributes per se in this part of Sydney's landscape, a feature of site selection that has been found for other bat species in North American cities (Evelyn et al. 2004; Neubaum et al. 2007 ). Previous work from Australia and elsewhere suggests that bats choose to roost in tall, large trees in low-clutter areas (Kalcounis-Rüppell et al. 2005; Kunz and Lumsden 2003) , which were present in the study area. However, such behavior was not observed at this site, potentially because of the numbers of hollow-nesting birds observed in the canopy of such trees. Although in contrast to what may be expected, the preference of N. gouldi for roosting in areas of greater cover (Webala et al. 2010 ) is consistent with its clutter-tolerant foraging guild (Brigham et al. 1997; O'Neill and Taylor 1986) .
The spatial location of roost sites differed subtly between sexes and reproductive states. Lactating females roosted in areas with a greater amount of surrounding bushland and roosted closer to drainage lines. Most of the maternity roosts were located in gullies, farthest away from the suburban edge and surrounded by dense gully vegetation. The observed maternity roost tree selection is consistent with previous work that has shown that this species roosts close to watering points and in gullies in forested environments (Lunney et al. 1988; Webala et al. 2010) , and similar clutter-tolerant taxa have been shown to do this in other cities (Evelyn et al. 2004 ). These sites often support more understory vegetation, as indicated by the greater clutter (cover score) surrounding roost trees, than trees randomly available. The amount of vegetation surrounding a roost and its topographic position probably influence roost microclimate, but the relative importance of this is unknown. Roosting under bark can provide energetic benefits to this species, enabling bats to use passive warming from the sun to arouse from torpor (Turbill 2006) . Lactating females enter torpor at the same rate as males and pregnant females when housed individually, suggesting that selection of appropriate roost microclimate and clustering behaviors are factors that alter the use of torpor and hence energy expenditure in this species (Turbill and Geiser 2006) .
Hollow disturbance suggestive of competition or displacement appeared to be a persistent issue for bats, because bats roosting in hollows within CSF were subject to interference from other hollow users. On 3 occasions, we observed birds using the same hollow as bats after the bats had switched. There were a greater number of hollow-nesting birds associated with random, but not roost trees, although this variable played a minor role in separating roost from random trees in the multivariate analysis. Bird abundance was a variable included in the 95% confidence set of models explaining separation of maternity roosts from random trees. We would consider there would be an equal chance of birds occupying hollows in both roost and random trees, although little is known about tree and hollow selection by many bird species (Goldingay 2009) . Observations of the nesting behaviors of various parrot species suggest they locate nests in hollows in both live and dead trees, with a range of canopy cover (Mawson and Long 1994) , suggesting that the dense cover of roost trees described here would not have deterred birds, although more information is required on bird hollow selection to assess these observations. Lactating females switched roosts significantly more often than nonlactating females, and we suggest that our data could support the hypothesis that roost disturbance correlates with decreasing roost fidelity (Lewis 1995) . Hollow-using fauna can disturb bats at their roost site; for example, rainbow lorikeets have been seen evicting bats from a tree hollow (Start 1998) . Numerous native birds nest in tree hollows in the study area and select hollows of a similar dimension to the observed bat roosts (Goldingay 2009 ). Interestingly, the abundance of hollow-using bird species in Sydney is increasing (Burgin and Saunders 2007; Major and Parsons 2010) , and negative correlations between bat activity and increasing bird abundance have been noted for Nyctophilus spp. (Basham et al. 2011) . When returning from nightly foraging, bats probably select unoccupied hollows, but may be disturbed during the day by birds investigating hollows for nest sites. Bats regularly disturbed by birds may increase the frequency with which they switch roosts to avoid potentially negative interactions (Lewis 1995) and find trees where disturbances from birds are less frequent. This is particularly likely in the maternity season when most individuals were observed in hollows, because it also coincides with a peak in nesting by birds (Pell and Tidemann 1997) . Similar clutter-tolerant urban bats have been shown to have greater roost fidelity than what we found here, despite showing otherwise similar roost site preferences (Evelyn et al. 2004 ). Disturbance and greater roost switching may carry a significant cost (Houston et al. 2011) , for example, if bats are forced to switch into suboptimal roosting conditions (Brigham and Fenton 1986) ; however, this hollow-competition hypothesis needs to be further investigated and extended to include competitive species abundant in other cities.
Bat roost conservation in suburban landscapes.-Understanding the characteristics of roosts and nesting hollows selected by a variety of fauna will become increasingly important as urbanization increases, and habitat quantity and quality decreases. Habitat clearance, fragmentation, and disturbance to this roosting area would clearly threaten this colony, with likely consequences to its continued persistence. Currently, the roosting area falls within a 40-ha block of bushland, with tenuous connectivity to other bushland. Nothing is known about the use of vegetated corridors by N. gouldi or how frequently individuals move in and out of CSF. Previous tracking of N. gouldi in continuous forest shows that the distance moved between roosts and capture sites can vary between 340 m and 2 km (Lunney et al. 1988; Webala et al. 2010) ; however, the movements between roosts and capture points observed in this study were much less (average 204 m across sexes and seasons) and appeared to be restricted to within bushland in CSF. Although this species is considered common, widespread, and not under threat within intact environments, we suggest that the restricted area in which this species selected roosts indicates its vulnerability to urban fragmentation. This suggests that N. gouldi could be a useful indicator of bushland quality in Sydney, and other clutter-tolerant species could be similarly useful in other cities.
Maternity roost sites are especially critical to species persistence, because they contain most adult females of a colony and presumably all the young of the year on any given day. Such colonial behavior has the potential to concentrate the total amount of critical habitat, magnifying the effects of its loss. Conservation of areas containing large numbers of suitable trees may assist in ensuring that enough trees are available to the colony in the event a single tree is lost from the roost network. The location of maternity trees found here suggests that the protection of trees in vegetated areas along creek lines would be beneficial, a recommendation that also applies to clutter-tolerant species in North America (Evelyn et al. 2004) . Gullies, streams, and creek lines not only provide maternity roost sites, they also offer suitable foraging grounds (Threlfall et al. 2012a) , and could be used to commute between habitat patches (Evelyn et al. 2004 ) for many urban bat species. Females (lactating and nonlactating) roosted 40-50 m away from creeks, suggesting at least this width should be retained in riparian buffer zones. Because no roosts were located within recently burned areas, hazard-reduction fires, which are regularly applied in urban forest remnants, should be excluded or reduced in gully zones. The burned areas avoided as roost sites had little to no shedding bark and little vegetation cover, perhaps explaining why these areas were not used by the individuals we tracked. Additionally, just over 50% of maternity roosts and over 70% of male roosts were in dead trees. Current management practices in areas of high public use, such as CSF, include the removal and pruning of dead trees due to safety concerns (Rhodes and Wardell-Johnson 2006) . This practice will further reduce the number of roosts and hollow-bearing trees available to bats in urban areas and should receive greater scrutiny if applied in gully areas where we found many maternity roosts. Finally, future research into competition for hollows between urban-adapted and urbansensitive species is urgently required for a greater understanding of the pressures placed on hollow-dependent species in fragmented urban landscapes.
